Abstract-Using pycnometric method, we have measured density of the solutions of acrylic acid in acetonitrile, 1,2-dichloroethane, hexane, and benzene at 293 K and atmospheric pressure. The values of the excess molar volume for these systems and the values of the partial molar volumes of components were derived. In the whole concentration range the excess molar volume for binary mixtures of acrylic acid and either 1,2-dichloroethane, or benzene, or hexane has positive values, and in the system of acrylic acidacetonitrile the value is negative.
Mixing components of different nature leads to the formation of solutions, whose properties differ from the ideal ones. The deviation from ideality can be expressed with various thermodynamic functions, but the redundant functions demonstrate it most clearly. The redundant thermodynamic functions of solutions represent the difference between the thermodynamic function of the real and the ideal solution and are therefore useful in the study of molecular interactions in real systems. In particular, they reflect the interacttions that occur between homogeneous and heterogeneous molecules in solution. For example, the positive value of excess molar volume shows that the solution structure is a less compact compared to the pure components, while a negative value of the excess molar volume indicates the formation of a more compact structure compared to pure substances.
This work is a part of our program on the characterization of molecular interactions between solvents and commercially important monomers, in particular, the evaluation of the effect of the chemical structure of the solvent on the properties of the systems studied.
Acrylic acid and its esters are important industrial chemicals, used to produce a large number of different polymers. They are interesting chemically for they contain a carboxy group and a double bond in the α-position. Acetonitrile, 1,2-dichloroethane, hexane, and benzene are excellent solvents, which are often used for the polymerization processes and other chemical reactions.
To date, there are many publications on measuring the density and excess molar volumes of solutions of methacrylic acid and esters of acrylic and methacrylic acids [1] [2] [3] [4] [5] [6] . But despite the great interest of researchers to this class of compounds, we have not found among the available publications papers describing the measurements of densities and excess molar volumes of acrylic acid solutions. Table 1 lists the density and the refractive index of pure components, as well as the content of the main component in the tested compound.
For the investigated solutions, we calculated the values of excess molar volume V m E , using the values of density of pure components and mixtures according to Eq. (1) .
Here ρ, ρ 1 , ρ 2 are the densities of the solutions and pure components 1 and 2, respectively, x 1 , x 2 are the mole fractions of components 1 and 2, respectively; M 1 and M 2 are the molecular masses of the solution components.
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We approximated the values of excess molar volumes by the power polynomial [Eq. (2)].
The function V m E /x 1 x 2 is extremely sensitive to errors, especially in the range of dilute solutions, and this helps to detect possible experimental errors and to check the quality of experimental data for each system. Table 3 lists the values of the coefficients of polynomials and the values of standard deviations of excess volumes from those determined with the polynomial, for the studied systems.
Using the dependence of the molar volume V m of the studied systems on the concentration, we calculated the values of partial molar volumes of components, using Eqs. (3), (4) given in [5] .
The values of partial molar volumes of components are shown in Table 4 . 
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The values given in Table 2 show that in the entire range of investigated concentrations the excess molar volume is positive for the binary systems of acrylic acid with hexane, benzene, and 1,2-dichloroethane, and for the system of acrylic acid-acetonitrile it takes negative values.
Function V m E is almost symmetric for the solutions of acrylic acid in hexane and acetonitrile. We can therefore assume that the specific interaction maximum corresponds to the equimolar composition. This corresponds to a low association of components of the solution, or, the association of components in these systems is absent totally.
The investigated solvents can be arranged by the values of the maximum excess molar volume in the series: benzene > hexane > 1,2-dichloroethane > acetonitrile.
Minimum and maximum values of excess molar volume for the mixtures are in the range from -0.40 to +0.65 cm 3 mol -1 .
A positive value of excess molar volume in the whole concentration range indicates the formation of less compact structure compared to the pure components. This effect increases from 1,2-dichloroethane to hexane and benzene, and the effect is caused by the insertion of nonpolar molecules, which break the association of the acrylic acid dimers. The maxima on the curves of the concentration dependence of excess molar volume for solutions of acrylic acid in benzene and 1,2-dichloroethane are at 40 and 60 mol %, which probably corresponds to the molecular association in these systems. The slight decrease in values of excess molar volume in going from benzene to hexane is due most likely to the geometric features of benzene and hexane, and their location between acrylic acid dimers. The dichloroethane molecule is capable of more intensive interaction with the molecules of acrylic acid, so the excess volume in the system with dichloroethane is less than in systems with benzene and hexane. Negative values of excess volume in the system with acetonitrile are due to its ability to form a hetero-conjugated hydrogen bonds with the molecules of acrylic acid and to the absence of such bonds between similar molecules of pure acetonitrile.
EXPERIMENTAL
The starting materials (Merck, Germany) were purified by distillation to remove possible impurities, benzene and acrylic acid were purified by recrystallization. The purity of substances was determined by chromatography and monitored by the values of density and refractive indices.
All the liquids before measuring density and preparing solutions were boiled to remove the dissolved air. Solutions of different concentrations (V = 11 cm 3 ) were prepared by weight in containers with ground glass stoppers to prevent evaporation. Solutions Concentration dependence of excess molar volume of the studied systems at 293 K: (1) benzene-acrylic acid, (2) hexane-acrylic acid, (3) 1,2-dichloroethane-acrylic acid, and (4) acetonitrile-acrylic acid. Table 3 . Coefficients of polynomials of the concentration dependence of excess molar volumes of the studied systems at 293 K DENSITY, PARTIAL MOLAR VOLUME, AND EXCESS VOLUME were weighed to within ±10 -5 g. To minimize changes in the concentration at the preparation of solution, the less volatile component, in this case, acrylic acid, was poured first. The prepared solutions were gently stirred, and the samples to measure the density were taken with a syringe.
The density of solutions was determined using pycnometers of 10 cm 3 capacity, which were calibrated with bi-distilled degassed water at 4.0°C. Before weighing, the solutions were maintained at the desired temperature in a water thermostat at 293 K up to ±0.1 K. Weighing of the pycnometer was performed on an analytical balance with the accuracy ±10 -5 g. The values of the density of the investigated solutions are shown in Table 2 . The concentrations of the solutions are expressed in molar fractions (x 1 ) of a volatile substance, in this case the solvent. 
